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In the Claims : 

Please amend the claims as follows: 



Claims 1-27 (Canceled). 



28. (Amended) An ultrasonic imaging system for producing a Sthree 
iage of ttkga sound r e fl e ctors a tissue or fluid inside a body, comprising: 
yan ultrasound transducer; 

ultrasound transmitter coupled to the ultrasound transducer, the ultrasound 
operable to generate a signal having a fundamental frequency; 
an ultrasound receiver coupled to the ultrasound transducer, the ultrasound 
receiver being opeiable to receive a signal from the ultrasound transducer corresponding to 
ultrasound reflectionSifrom ultrasound roflootOTs t he tissue or fluid at a plurality of depths in the 
body; \ 

a filter coupled to the ultrasound receiver, the filter being operable to selectively 
pass signals received by tk^ receiver having a frequency that is a harmonic of the fundamental 
frequency and to provide an output signal corresponding thereto; and 

an image processor coupled to receive the output signal from the filter, the image 
processor being operable to generate a £three dimensional image from the output signal of the 
filter. 

29. (Original) The^ultrasonic imaging system of claim 28 wherein the filter is 
further operable to pass signals at the fundamental frequency so that the output signal is a 
combination of signals received by the Veceiver having the fundamental frequency and signals 
received by the receiver having the harmonic frequency. 

30. (Original) The ultrasonic imaging system of claim 29 wherein the filter 
further comprises: \ 

a low frequency channel operab^ to pass components of the signals received by 
the receiver having the fundamental frequency; 



Received from < 206 903 8820 > at 3/7103 2:19:30 PM [Eastern Standard Time] 



03/07/2003 11:21 FAX 206 903 8820 DORSEY & WHITNEY El 006 



n 



a high frequency channel operable to pass components of the signals received by 
thes^eceiver having the hannonic frequency; and 

a combiner operable to combine the signals passed through the low frequency 
channel a)KL the signals passed through the high frequency channel. 

(Amended) The ultrasonic imaging system of claim 30 wherein the low 
frequency channels further operable to attenuate signals reflected from ultrasound roflootorGt he 
tissue or fluid at slMower depths of the body to a greater extent than signals reflected from 
ttitrasound r e fl e ctors theVtissue or fluid at greater depths of the body, and the high frequency 
channel is further operable\to attenuate signals reflected from ultraaound roflootors the tissue or 
fluid at greater depths of theshody to a greater extent than signals reflected from ultrasound 
roflootor o the tissue or fluid at shallower depths of the body so that deeper portions of the ^three- 
dimensional image are produced predominantly from signals received by the receiver having the 
fundamental frequency and shallower portions of the ^three- dimensional image are produced 
predominantly from signals received by th\receiver having the hannonic frequency. 

32. (Original) The ultrasom^ imaging system of claim 31 wherein the high 
frequency channel includes a depth-dependent time varying filter to attenuate signals passing 
througjh the channel as a function of depth of the bo<] 



33. (Amended) The ultrasonic imaging system of claim 28 wherein fee 
ultrasound - r e flectors comprise tiGGUO or fluid, and whoriain t he three dimensional image is 
generated in the absence of an ultrasound contrast agent. 



34. (Previously Amended) the ultrasound imaging system of claim 30 
wherein the combiner comprises a switch operable to couple the lowtfrequency channel to the 
image processor responsive to a signal corresponding to ultrasound reflections from ultrasound 
reflectors in a first range of depths and operable to couple the high freqtumcy channel to the 
image processor responsive to a signal corresponding to ultrasound reflection from ultrasound 
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reflectors in a Second range of depths, the second range of depths being different from the first 
range of depths. 

35. UOriginal) The ultrasound imaging system of claim 30 wherein the 
combiner comprises a\summing device operable to generate a composite signal formed from 
both a fundamental frequency signal coupled through the low frequency channel and a harmonic 
frequency signal coupled through the high frequency channel, 

36. (Amended) The ultrasound imaging system of claim 28 further 
comprising a Doppler processor coupling the image processor to the filter, the Doppler processor 
being operable to generate a Doppler signal from the output signal of the filter, the Doppler 
signal being applied to the image processor so that the 3 -three dimensional image corresponds to 
ultrasound reflections from moving ultrasound roflootora t issue or fluitj . 

37. (Amended) The ultrasound imaging system of claim 36 wherein the 
Doppler signal is indicative of the velocity of the moving ultrasound rcflcotor c tissue or fluid . 

38. (Amended) The ul1iasouna\imaging system of claim 36 wherein the 
Doppler signal is indicative of the intensity of reflections from the moving ultrasound 
r e fl e ctors tissue or fluid. 

39. (Original) The ultrasound imaging sy^em of claim 28 wherein the filter is 
further operable to shift the frequency of the signals received by the receiver having the 
harmonic to a different frequency. 



40. (Original) The ultrasound imaging system of claim 28 wherein the filter 
comprises a finite impulse response filter operable to filter and decimate^the signals received by 
the receiver. 
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41. (Original) The ultrasound imaging system of claim 28 wherein the 
transmitter is operable to generate firsthand second successive pulses of signals at the 
fundamental frequency having different phases, and wherein the filter comprises a signal 
processor operable to combine a first signal received from the receiver resulting from the first 
successive pulse with a second signal receive^ from the receiver resulting from the second 
successive pulse. 




42. (Original) The ultrasound imaking system of claim 28 wherein the signal 
generated by the ultrasound transmitter has a rangeW frequency components, the range of 
frequency components including the fundamental frequency. 

43. (Amended) An ultrasonic imaging system for producing a 3three 
dimensional image of ultrasound r e flcotorc a tissue or fluid inside a body, comprising: 

an ultrasonic transducer operable to transmit ultrasonic pulses into a body and 
receive echo signals responsive to the pulses, the ultrasonic^ pulses having a fundamental 
frequency component; 

a beamfonner coupled to receive the echo signals fifym the ultrasonic transducer 
and to generate output signals corresponding thereto; 

a filter coupled to receive the output signals from the beimfoimer, the filter being 
operable to selectively pass harmonic frequency components of the bezuaofoimer output signals 
that are a harmonic of the fundamental frequency component; and 

an image processor coupled to the filter to receive the naimonic frequency 
components of the beamformer output signals, the image processor being operable to generate a 
Sthree dimensional image from the harmonic frequency components of the beamformer output 
signals. 



44, (Original) The ultrasonic imaging system of claim 43 wherch\the filter 
comprises a digital filter. 
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45. (Original) The ultrasonic imaging system of clain 43 wherein the filter is 
further operable to pass fundamental frequency components of the beamformer output signals so 
that the image is formed from fundamental and harmonic frequency components of the 
beamformer output signals. 



IT™. 




46. (Original) The ultrasonic imaging system of 



claim 45 wherein the filter 



comprises: 



and 



a low frequency channel operable to pass the fundame ital frequency components; 



a high frequency channel operable to pass the hanu< 



ic frequency components; 



a combiner operable to combine the fundamental frequency components with the 
harmonic frequency components. 



47. (Amended) The ultrasonic imaging system of tlaim 46 wherein the low 
frequency channel is further operable to attenuate signals reflected from ultrasound rofloctors the 
tissue or fluid at shallower depths of the body to a greater extent than signals reflected from 
ultrasound r e flector s the tissue or fluid at greater depths of the body,! and the high frequency 
channel is further operable to attenuate signals reflected from ultragouAd - r e fl e ctors the tissue or 
fMd at greater depths of the body to a greater extent than signals reflected from ultrasound 
■g afl e otor s the tissue or fluid at shallower depths of the body so that deeper portions of the 3 -three - 
dimensional image are produced predominantly from the fundamental (frequency components 
and shallower portions of the ^three- dimensional image are produced jJredominantly from the 
harmonic frequency components. 

48. (Original) The ultrasonic imaging system of claiih 46 wherein the high 
frequency channel each includes a depth-dependent time varying filter to attenuate signals 
passing through the channel as a function of the depth from which the echc signals are received. 

49. (Amended) The ultrasonic imaging system of claim 46 wherein the low 
frequency channel is operable to attenuate signals reflected from t ritrasould r e floctorG the tissue 
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or Quid at a first range of depths to a greater extent than signals leflected from ultrasound 
r e fl e ctons the tissue or fluid at a second range of depths, and to attenuate signals reflected from 
ultra3Qund H : e fl e ctOTs the tissue or fluid at the second range of depths 
signals reflected from tritrasoaud r e fl e ctor s the tissue or fluid at a third range of depths, and 
wherein the high frequency channel is operable to attenuate signals i eflected from ttttrasound 
r e fl e ctors the tissue or fluid at the third range of depths to a greater ex 
from ultrasound rofloctorg t be tissue or fluid at the second range of 



ent than signals reflected 
depths, and to attenuate 



signals reflected from ultrasound refl e ctor st he tissue or fluid at the second range of depths to a 
greater extent than signals reflected from ultrasound reflector s the tissueW fluid at the first range 
of depths, the third range of depths being deeper than the second range of depths, and the second 
range of depths being deeper than the first range of depths so that portions of the ^three- 
dimensional image in the third range of depths are produced predominantly from the 
fundamental frequency component, portions of the ^thr^e-dimensional ima^e in the first range of 
depths of the body are produced predominantly from the harmonic frequency component, and 
portions of the 3lhEeg-dimensional image in the second range of depths are produced 
substantially equally from the fundamental frequency component and the harmonic frequency 
component. 



50. (Original) The ultrasonic imaging system of claim 46 wherein the 
combiner comprises a switch operable to alternatively couple either the low frequency channel or 
the high frequency channel to the image processor. 



46 wherein the 



51. (Original) The ultrasonic imaging system of claim 
combiner comprises a summing device operable to generate a composite signal formed from 
both the fundamental frequency component coupled through the low frequenc>| channel and the 
harmonic frequency component coupled through the high frequency channel. 



52. (Amended) The -ultrasonic imaging system of claim 43 further comprising 
a Dopplex processor coupling the image processor to the filter, the Doppler processor being 
operable to generate a Doppler signal from the harmonic frequency component, the Doppler 
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signal being applied to the image processor so that the 3three dimensional image corresponds to 
ultrasound refleo to ra r eflections fr om moving ultrasound rofloctor st issue oSr fluid . 

53. (Amended) The ultrasonic imaging system of claim 52 wherein the 
Doppler signal is indicative of the velocity of the moving ultraoound roflo i ster stissue or fluid . 



54. (Amended) The ultrasonic imaging system of 
Doppler signal is indicative of the intensity of reflections from 
rofloctorG tissue or fluid. 



claim 52 wherein the 
e moving ultrasound 



55. (Original) The ultrasonic imaging system of claimV43 wherein the filter is 
further operable to shift the frequency of the harmonic frequency component. 



56. (Original) The ultrasonic imaging system of claim U3 wherein the filter 
comprises a finite impulse response filter operable to filter and decimate thfe beamformer output 
signals. 



57. (Original) The ultrasonic imaging system of claik 43 wherein the 
ultrasonic pulses comprise first and second successive pulses of signals having the fundamental 
frequency component, the first and second pulses having different phases, and\ wherein the filter 
comprises a signal processor operable to combine a first output signal fromAthe beamformer 
derived from an echo signal responsive to the first successive pulse with a second signal from the 
beamformer derived from an echo signal responsive to the second successive pulse. 



H^n 



58. (Original) The ultrasonic imaging system of claim 43 wherein each of the 
ultrasonic pulses transmitted into the body have a range of frequency components) the range of 
frequency components including the fundamental frequency component. 



71. (Amended) A method of generating a 3 three -dimension^l 
ultraoound refl e ctors -a tissue or fluid inside a body, comprising: 



image of 
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transmitting an ultrasound signal into the body, the ultrasound signal having at 
least a fundamental frequency; 

detecting echoes of the transmitted ultrasound signal at a hi rmonic frequency that 
is a multiple of the fundamental frequency; and 

using the detected echoes to form a- 3the three -dimensional image of a tissue or 
fluid in the body . 




72. (Previously Amended) the method of claim 71, fruitier comprising, prior 
to transmitting the ultrasound signal, introducing a contrast agent into the body so that at least 
some of the detected echoes of the transmitted ultrasound signal comprises ^flections from the 
contrast agent. 

73. (Amended) The method of claim 71, further comprising! 
detecting echoes of the transmitted ultrasound signal at jthe fundamental 

frequency; and 

using the detected echoes at both the fundamental frequency a^d the harmonic 
frequency to form the ^three -dimensional image. 



74. (Amended) The method of claim 73 wherein the detected\echoes at the 
fundamental frequency are used to form the ^three -dimensional image alternately With the use of 
the detected echoes at the harmonic frequency to form the ^three -dimensional image) 

75. (Amended) The method of claim 73 wherein the detected echoes at the 
fundamental frequency and the detected echoes at the harmonic frequency \ are used 
simultaneously to form the ^three-dimensional image. 



76. (Amended) The method of claim 73 wherein the detected echdes at the 



fundamental frequency are used to form portions of the ^three-dimensional image that 
greater depth within the body, and the detected echoes at the harmonic frequency are 
form portions of the ^three-dimensional image that are at a shallower depth within the bo 



are at a 
used to 

■y- 
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77. (Amended) The method of claim 73 wherein tho detected echoes at the 
fundamental frequency are used to form portions of the ^three -dimensijbnal image that are at a 
greater depth within the body, the detected echoes at the harmonic frequency are used to form 
portions of the ^tiiree-dimensional image that are at a shallower depth \ within the body, and both 
the detected echoes at the fundamental frequency and the detected echoes at the harmonic 
frequency are used to form portions of the ^three-dimensional image flat are at an intermediate 
depth within the body. 



7 



78. (Amended) The method of claim 71 wherein the act of detecting echoes 
of the transmitted ultrasound signal comprises detecting echoes from moving ultrasound 
rofleotorG tissue or fluid w ithin the body. 

79. (Amended) The method of claim 78 wherein the act 6f using the detected 
echoes to form a ^three-dimensional image comprise displaying the 3 three 4dimensional image 
with indicia indicative of the velocity of the moving ultrasound rcfloctora t issm ? or fluid . 



80. (Amended) The method of claim 78 wherein the act of using the detected 
echoes to form a ^tfiree-dimensional image comprise displaying the 3three -< limensional image 
with indicia indicative of the intensity of the echoes reflected fi^m the moving ultrasound 
rofloctors t issue or fluid . 



81. (Original) Tire method of claim 71 wherein the act of transmitting an 
ultrasound signal into the body comprises transmitting an ultrasound signal intolthe body having 
a range of frequency components, the range of frequency components including the fundamental 
frequency. 



82. (Amended) A method of producing a ^three -dimensional u 
of a tissue or fluid in the body, comprising: 



trasonic image 
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transmitting ultrasonic signals into the body,\the transmitted ultrasonic signals 
having a fundamental frequency component; 

receiving ultrasonic echoes from ultrasound rohoctore tissue or fluid within the 
body, the received ultrasonic echoes including a frequency conjponent that is a harmonic of the 
fundamental frequency component; 

storing signals derived from the harmonic frequency component of the received 
ultrasonic echoes; and 

displaying a ^three-dimensional image of a tissu^ or fluid in the body fr om the 

stored signals. 




S3. (Previously Amended) the method of claiik 82, farther comprising, prior 
to transmitting the ultrasound signal, introducing a contrast agenj into the body so that at least 
some of the ultrasound reflectors from which the ultrasonic echoes are received comprise the 
contrast agent. 

84. (Amended) Hie method of claim 82 wherein the act of receiving echoes 
&om ultrasound roflGctorg tissue or fluid w ithm the body comprises receiving echoes from 
moving ultrasound r e fl e otors tissue or fluid w ithin the body. 



85. 



86. 



(Canceled). 



(Amended) The method of claim 84 whdrein the act of displaying a 



laying a ^three-dimensional 



^three-dimensional image from the stored signals comprises disj 

image from the stored signals containing information indicative oAthe velocity of the moving 
ultrasound r e flcotor G tissue or fluid . 



87. (Amended) The method of claim 84 whereiA the act of displaying a 
^three-dimensional image from the stored signals comprises displaying a 3ttjree-dimensional 
image from the stored signals containing information indicative of thA intensity of the echoes 
reflected from the moving ultrasound rofloctors tissne or fluid . 
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88. (Original) The method of claim 82 wherein the act of transmitting 
ultrasonic signals into the body comprises transmitting ultrasonic signals having a range of 
frequency components, the range of frequency components includii g the fundamental frequency 
component, 

89. (Amended) A method of producing a ^three -dimensional ultrasonic image 
of a tissue or fluid in the body, comprising: ■ 

transmitting ultrasonic signals into the body, the transmitted ultrasonic signals 
having a fundamental frequency component; 

receiving ultrasonic echoes, from tdtrasound r e fl e cto: 




Sf gtissue or fluid w ithin the 

body, the received ultrasonic echoes containing both fundamental and harmonic frequency 
components; \ 

I detecting the fundamental and harmonic frequency components of the ultrasonic 

/ echoes; \ 

forming signals that are a blend of the detected fundamental and harmonic 
frequency components; 

storing the formed signals; and 



displaying a ^three- dimensional image of a tissue or fluic . 



stored signals. 



in the body fr om the 



90. (Original) The method of claim 89, wherein the bleijd of fundamental and 
harmonic frequency components varies as a function of time. 

91. (Amended) The mdthod of claim 89, wherein the blend of fundamental 
and harmonic frequency components varies as a function of tbe depth of the ultrasound 
r e fl e ctor st issue or fluid from which the reflections are received . 
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92. (Amended) The method of claim 89 
and harmonic frequency components varies as a function of 
fe fl e ctor g tissue or fluid from which the reflections are received. 



wherein the blend of fundamental 
t le location of the ultrasound 



93. (Previously Amended) the method of claim 89, fiirther comprising, prior 

! r 

to transmitting the ultrasound signal, introducing a contrast agentlinto the body so that at least 
some of the ultrasound reflectors from which the ultrasonic echoes are received comprise the 
contrast agent. . : 



94. (Canceled). 




95. (Amended) The method of claim 89 wherein the 

i 4! 

from ultrasound rofloctors t issue or fluid! : w ithin the body comprises 
moving ultrasound rofloctors tissue or fluid k vithin the body. 



tact of receiving echoes 
ceiving echoes from 



1 1 1 

i. ij 



96. (Amended) The method of claim 95 wherein the tact of displaying a 
^three-dimensional image from the storfed! signals comprises displaying al ^three- dimensional 

; j,' \ 

image from the stored signals containing information indicative of the velocity of the moving 
ultroc o und r e flector s tissue or fluid . : ! : 



97. (Amended) The method of claim 95 wherein the act! of displaying a 

'. '! 1 
^three-dimensional image from the stored signals comprises displaying a ^three-dimensional 



tiree 
m c 



image from the stored signals containing information indicative of the intensity of the echoes 
reflected from the moving ultrasound rofloc'tor st issue or fluid . 



r I; 
> ll 



98. (Original) The metfhod of claim 89 wherein the act of transmitting 
ultrasonic signals into the body comprises, transmitting ultrasonic signals having a range of 
frequency components, the range of frequency components including the fundamental frequency 
component- 

i i 
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99. (Amended) The hiethod of claiii 89 wherein the detected fundamental 
frequency component and the detected harmonic frequ jncy component are alternately used to 
form the ^three- dimensional image. 



' Si 

!ii 



100. (Amended) The mjethod of clam 89 wherein the detected fundamental 

cy component are simultaneously used 



frequency component and the detected hlarmonic freque; 
to form the ^three-dim ensional image. ^ ' 



10L 



(Amended) The method of claim 89 wherein the detected fundamental 
frequency component is used to form po^ons of the £thW dimensioiiaI image that are at a 
greater depth within the body, and the detected harmonic frequency component is used to form 



portions of the ^three -dimensional image 



102. 



t4t 



are at a shallower depth within the body. 



(Amended) The* method of claim 89 wherein the detected fundamental 
frequency component is used to form potions of the ^three -dimensional image that are at a 



I J! , 
greater depth within the body, the detected harmonic frequency component is used to form 



\ 



\ 



portions of the ^tfrreg-dimensional image tllat are at a shallower depth within the body, and both 

the detected fundamental frequency component and the detected harWonic frequency component 

< ' \ 
are used to form portions of the Mj^dimensional image that ar© at an intermediate depth 

within the body. 



103, (Original) A method for producing a three dunensional reconstruction 
with an ultrasound system, the method comprising the steps of: \ 

(a) transmitting ultrasonic ejiergy at a first frequency band into a subject during 
said imaging session, said subject being fre|e of added ultrasound contrit agent throughout the 
entire imaging session; ]> 



ultrasonic energy; 



(b) receiving ultrasonic! bcho information associated with said transmitted 
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(c) filtering from said eeho information a plurality of inlprmation signals 
associated with a second frequency band! said second frequency band coitjtrising at least a 
harmonic band of said first frequency bald; and 



(d) forming the three-dim 



signals. 



a. 



iional reconstruction in response tolsaid information 



104. (Original) An ultrasound apparatus adapted for gendtating a three 

(fiiring an imaging session, said subjectl being free of 

d apparatus 



dimensional reconstruction of a subject 

added ultrasound contrast agent throughout the entire imaging session, 
comprising: 

a transducer; 

a transmit beamformer objectively connected to said transducer forltransmitting 

I! i 
ultrasonic energy into a subject during said imaging session, said subject being ftjse of added 

ultrasound contrast agent throughout the ecjfire imaging session; 

a receive beamformer opei-a (ively connected to said transducer and configured to 
obtain echo information; 

a filter operatively connected to said receive beamformer and operative to filter 

! 1 
from said echo information a plurality jjf information signals associated with a harmonic 

frequency band, said harmonic frequei icy band comprising harmonics of a fundamental 
frequency band transmitted into the subjet t jjjand 

wherein the three-dimensnJal reconstruction is responsive to said information 

signals. 



105. (Original) A method for producing a three dimensional reconst 
with an ultrasound system, the method composing the steps of: 

(a) transmitting ultrasomc.^iprgy at a first frequency band into a subject 
said imaging session, said subject being fi& of added ultrasound contrast agent throughout the 
entire imaging session; . 

(b) receiving ultrasonic ec&o information associated with said transmitLd 

t It i. \ 

ultrasonic energy; 
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i 

echo information a plurality 



comprising at least a harmonic band of said first frequency band; 

It* E 



spP 1 ^ frequency band, said second frequency band 



signals- and 



(d) forming the three-diiiensional reconstruction in respoi 



(e) displaying a Dpppler |mage selected from the group 6f: velocity, variance, 
energy and combinations thereof, the tioppL image being responsive to slid three dimensional 




signals; and 



of detected Doppler 



ie to said information 



reconstruction. 

106. (Original) A mejt 

with an ultrasound system, the method co 

* i 

(a) transmitting ultrasonic 
said imaging session, said subject bein^ 

entire imaging session, said ultrasonic characterized by a peak power level near said first 

frequency band; 



isd: for producing a three dimensional reconstruction 
ilpjising the steps of: 

energy at a first frequency band into a subject during 
^ of added ultrasound contrast agait throughout the 

"CTV r*yiCrr~nrtf*rir?/srt Kir n MA aL •_ A - n .~.r U . 1 1 . • i 



e!cho information associated with 



(b) receiving ultrasonic 
ultrasonic energy; 

(c) obtaining from said 
associated with a second frequency band 
harmonic band of said first frequency 
associated with said first frequency band; 

(d) forming the three-diniehsional reconstruction in response to Lid information 



said transmitted 



echo information a plurality of information signals 
js^aid second frequency band comprising at least a 
jand, and a second plurality of information signals 



(e) displaying a compc4j|| image responsive to said threl dimensional 
reconstruction and representing three cajnenLns, said composite image comprising spatially 



it Pi • i - - 

distinct near-field and far-field regions, s^dj far-field region emphasizing informaion signals in 
the first frequency band and said near-field ;r^on emphasizing information signals |n the second 
frequency band. 
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107. (Original) A method for producing a th\* 
with an ultrasound system, the method|c|b'i]!pri$mg the steps of: 



E1020 



(a) transmitting ultrasoiiisj Jnergy at a first ftequen 

! J 
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>e dimensional reconstruction 



:y band into a subject during 
contrast agent throughout the 



said imaging session, said subject being 
entire imaging session; 

(b) receiving ultrasonijc! 
ultrasonic energy; 

(c) obtaining from saidjoJ > information a first pi 
associated with said first frequency bandj 
with a second frequency band, said seccnjc 
of said first frequency band; 

(d) compounding the first iw , i, second plurality of information signals; and 

(e) forming the threes hnensional reconstruction as\a function of said 
compounded information signals. 



>ho information associated with said transmitted 



ty of information signals 
||and a second plurality of inflation signals associated 
frequency band comprisingW least a harmonic band 



